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thesis was to investigate 
Wie Centrifugal Pump and a 


The power 
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THE LEWIS DYNAMOMETER. 


Tn Mr. Lewis’ discussion on "The Transmission 


of Power By Gearing" ( Proceedings A. S. Me E. 
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Now if there is any resistance to the turn= 


e of shaft "ow this torsional force will cause the 
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"a" the gear wheel "D" turning about "C" on the 
piten circle. The only force, outside of gravity, 
 qnden acts et the outer edge of frame "e" is due to 
a ichatanve to torsion, and any forces pibeinke at 


the inner edge do not affect the conditions in the 


least, ss the forces pass through the steel plate 


fulera. 


incour rT iret experiments with the dynamometer 
we did not have the strap and roller arrangement ca 
yp ended on two pins “ the arm "a" ciocea on oppo- 
site sides of "DY. Tt was found that the wietlons 
“the machine were excessive and elso wens pe 
‘A prony brake was ett eched to wheel "B" and 
Rocker recep plica by tightening the ropes around 
the wheel. ‘Readings on the dynamometer and brake 
scales were taken and the efficiency at different 
losds was csleuleted. The average of iaes was found 
to be 53.4 a, Saving a loss of 46.6 % of the power 
applied, assuming the theory of the instrument to be 


correct. The ratio of the delivered power to the . 
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applied was found py the ratio of the moments 
two forces e.g.at the brake and at the dyna- 
The force pip ied at the wheel "B" 
is the weight of the brake plus the emount due to the 
et on in the ropes... The length of the erm was 
ius Pdtenee trea the center of the wheel to the 
knife edge of the brake. — This was found to pe 


4g" . The arm of the moment at the dynamometer. 
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The moment of the force 


BY = Pp! x 4s", 
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Moment of force applied at "e" is 


FX LSE +, 
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, efficiency is then the ratio of the 
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former to the latter e.g. --------- = Eff. 
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We at first made zero readings which were 


Pa 


subtracted from the readings ecbtained during run. 


The zero reading of the oreke was made py stopping thé 


machine and taking all tension from the ropes, the 


ea 


when the machine was. 


In our next experiment we pleced the pins on 


"a" on a smaller pitch circle but the efficiency re- 


item 


mained the seme es before and the racking 2s great 
as ever. This racking was eaused no doubt by the fact 


that the pins dia not exert equal pressure on the arm 


"pb", Conseruently at thet point where the pressure 


“e 


“is greatest the pending of the shaft and the journals 


| is most, end csusing the shaft to move out of line. 
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Our next attempt to have the pins press equal- 


sheet ‘'b" opposite the pins 


riche wrote! Bi 
eR alee Aa el 


a ee 


her 


a Aid danse a 
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in “a", The pins were then placed into these holes 
| and rubber cushions placed at their bearings. This 


was as unsuccessful as the other arrangements. 


At last we turned a groove on @ach of the 


pins on "a" end placed pins in “"b" exactly opposite. 


| A leather rope 3/8" in diameter was festened to 


Pene of the pins on "b", passed over the grooves in 


a 


pins on "a" and festened to other pins on "b*", 
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Test #2 shows the result of this arrangement, 


3 


giving an average efficiency of 75%. This is a decid¢ 


ed increase over the previous arrangements. We then 


luoricated the grooves on "ae oe enother test made , 
the results oe¢ing shown in Test #3. This gives an 
| average efficiency of 83.6%, showing that in Test #2 
there hed been ponsiteris be Predation over the grooves, 
| preventing toe pulie “F* gud 5 * from being sequel. 
We hoped to still more incresse the effci- 
: ency by msking the friction @t the points on "a" 
still less. Hard wood rollers were therefore turned 
Up and placed on the pins on "a". Test #4 shows 
‘the result of this arrangement, giving an average ef- 
ficiency OF 36 «25%s | ae 

It was then 'thought that perhaps the speed 
also affected the workings of the méechine. All these 
tests were run at a speed of oe0 Es Pa Me The 
speed was reduced to 235 R. PL MM. by plecing a smal- 
ter pulley on the line. shafting driving *A*. 


Test #5 gives the result of this, showing 
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an average efficiency of 92 &. 

The speed was agein veduded to eo Rh. ?. 
Test #6 showing an average ere weenee of 93.9%. 1% 
Was noticed at the upper loads the eff iciency a 
@reatest often smounting to 99 &. 

; Curve #1 was plotted from two of the pest 
tests. Its ordinates represent H. P. oa revolttion 
and the absiceas, the corrected dynamometer readings. 
This curve has been used in determining the power 
given to the centrifugel and triplex pumps when they 
“were tested. 


CONCLUSIONS. 


With a tight belt, readings were easily 
3 ‘ i & * 


teken at the Scales, a balance being made to a half 
pound. tt responds reatiiy to changes in the losd 
ee gicterant eaiidrat ion tests show that for the 

_ seme loads at the brake the dynemome ter readings are 


the same. There is one thing necessary to remember 


in edjusting the dynamometer and that is to have the 


4 scale block at such a height that the line joining 


the centers of "0" and "D" is horizontal. 
In working up same of our tests we found 
that the efficiency came out over 100 %. By the 


following reasoning this can be explained: 
: Cc 


4 
r 
a) 


pe is force acting at "e" 
ve" is scale block. 

: In the first position we have "ao horizonte 
dia Pacts vedi ¢ on the block "er", 


reading in the case is accurate. 


Now suppose that ab is inclined as shown, 


owing to "e" being shorter, the dotted line repre- 


senting P is now resolved into two components, one 
along @b and the other vertically through the block. 


We measure, therefore, this amount which is only a 
| part of the actual force, which, of course, makes 


our reading inaccurate. 
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The test on the Van Wie centrifugal pump 
was mede to determine itsefficiencies under differ- 
ent head. The photograph #2 on the following 
page gives a view of the pump? with the arrangement 
of its sidtiod atA delivery pipes, fan easing and 


positions of the vacuum and pressure gauges dur- 


* 


ing the test. A drawing BZiving the principal 


dimensions is shown on pages/é 


The power @iven to the pump was measured 


by the dynamometer, being connected tO if by belt. 
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PHOTOGRAPH NO.2. 
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ONE-HALF CASING ANLZ WHEEL . 
Scofe:-3 “=/~7 Sure 3 1924. 


The pump was first started by pumping water 
Sito the casing by means of the hard pump "H™, the , 

cock "cr peéing opened to allow the os to escape. 
The power was applied and the pressure resulated by 
Patens of valve in the delivery pipe. 

The suction in niches AP deende was gotten 
py the difference in ree of the mercury in the 
--vecuum sauge. 

The pressure from pressure gauge, the 

PoE. . Ms Of pump, the reading or the dynamon ster, 
ihe R P. Me of dynamometer, ee reading of a hook 
F canes for weir in tank and the temperature of the 
"water pumped were taken every five minutes. 

The amount of water pumped per second is 
‘by Smith's formula:- 

qd = geet JER x bx (0) 


where rer is 6s constant to be detsrmined "bp" is breadth 


3/2 


of weir in feet a whe is head on weir in feet. 


In our experiments we found the constants 


for different heads by interpolating in the "Tables 


Niet aaa 
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ee 


_ For Contracted Weirs i Merriman's Hydraulics." 


We then plotted a curve having for its ordinates, 
| heads on weir in feet and for abscissas, conatants 


| of the weir. This curve and its table is given 


on pages 38 
The work done by pump in ft. lbs. is :- 


Wk = wx Qx 60 xh. 


x 


-W is weight of a cubie foot of water at temperature 


considered. 


| Q is quantity of water over the weir per second. h 


is head against which water is pumped and is found 


_ by adding together the pressure expressed in feet , 
the vacuum expressed in fest and the distance in 


- feet between the center of pressure gauge and the 


was found to be tive ft. 


£ 


ff 


After the tests were made, the suction pipe 
‘ was taken off and the pump was run to determine its 


friction. This was found to be.317 U.P. 
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The work given to the pump from the dyna-~ 
mometer was gotten from the Curve #1. 


The efficiency therefore is 
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CONCLUSTO 


The efficiency of the pump was found to be 


| greatest at a totel head of 51 fest and the least 


a 


; oo 


ar a total head of 44 feet. It was found that by 
Oe roaring tne head above 51 feet, the vacuum was 
lost and very litte water was pumped 

| In all the tests ae was steady. 


The Curve #2 shows the relation between 


efficiency and total head. The Table #1 gives the 


readings and results of the different testes. 
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THE TRIPLEX POWER PUMP. 


In the test of this pump the efficiency 
wes determined for different heads ranging from 
a4 ft. t@ 284 f£t,% Piel power given to the pump deing 
measured py the dynamometer. The indicated work of 


the pump was found by indicating all three cylin- 


ders, the delivered work being measured by the pro- 


duct of the weight of water pump ed and the total 
head through which it was pumped. 

The pump consists of three hollow plungéers 
3-49" in diameter and having a stroke of 3". The 
cranks are set 120° apart’. 

Taking the photograph on the next page and 
by following the letters on it, the workings and ar- 
rangements of the parts of the machine can de under- 


stood. 
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The: pover is trensmitted by the fast pulley 
BM ie déuntoy Chest on-ohl oe there is @ small 
Fa iion meaving into the large gear wheel "G" which 
-is fastened to the crank shaft "C". 
| The suction is through a 2" pipe in the back 
(or the pump and the delivery is 1 1/2%. Been of 
Piece cylinders takes its suction from = common a 
‘and delivers into the delivery box. The init eet ars 
gore en as shown in photograph. In order to 
get straight line motion for ue indicators, brass 
‘screw eyes were fastened into the tops of the plun~ 
Pir and strings fastened to these, were passed over 
pulleys to the indicators. | | 
The eoenlvtions were counted by HoLting 
Sod to ihe sapteeciue vod of cylinder #1, end 
connecting this by a steing to a revolution counter 
rin the back of the machine. 


The suction was measured by the vacuum 


gauge "Vy" end the pressure, by the gauge "R*, The 


 guetion and pressure were reduced to feet and to 
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iis was added the distance in feet petween the cen- 

ter of the preeen gauge and the point on the 

3 suetion pine st which the suction was measured. 
The water pumped was measured by passing 

over @aweir. As the head on the weir .08 ft. was 


running 


tem and the calibration curve of the cistern. 
The mechanical efficiency of the pump is 


the vatio of the Indicated to the Dynamometer work, 


The @fficieney of the pump itself is the 


ratio of the delivered work, measured py the product 


7 of the weight of water pumped and the height of total 


ff 


| head, and the indicated work, or 
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A test was made to determine the slip or 


| leakage past the valves. The total amount of water 


-of strokes made per minute. This was found to be 


> 


Area = 10,064 


a 10.00 42 x. SOx 3 ee 


ae meen 
No. of Strokes = 980 Cue Ft. per minute 


ims 


Water actually pumped per minute was found 


from calibration curve of cistern to be 4.20 eubic 


feet. Thersfore the loss or slip is .368 eu, ot, 


The per centage slip is, ther 


22 F100 2 O08 € 
Z.508 
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The indicator springs were tested on the 


known pressures and the scale of the springs therepoy 


‘found. The following corrections were made:- 
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“50 # (Taeed 
1) 2 Chao 
40 # (Thomson) 
100 # (Thomson) 100 # wits we 
The pressure gauge was also calibrated and a 
‘curve plotted between correct ny ape: reddsdens The 
‘calibration curve and tables are given on pases 3aq-40 
Tables showing the M. E. P. and indicatea 
the cylinders are given on pages | 
A test was also made to determine {he frie- 


tion in the different parts of the machine. It took 


Counter shaft and: pelt ~~ 


@rank Shaft, 


Plunger Hy 


on 
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Hi Be 


friction of pump was, therefore, 


‘ 


648 HP. 


_to run pump eltogether was|_ 
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equal to .648° H. P. 


ONCLUSIONS. 


The pump delivers a constant quantity of 


water under all pressures. Curve #3, page shows 


2 


Pos relation between pump efficiency and total heads 
“pumped acsinst. 
| The cara tables show that the M. BE. P. is 
‘not the same in all the cylinders, dus to irregular- 
ise in structure. : 

Tt is seen tii tid) oases pre to fraétion 
ave consideraole, but are due to the fact that the 
‘pump was tested when new and the parts had ss time 
“to Seite down to their peerings. | 


It is also seen from the tapRe of effici- 


encies of the pump that the catio of the delivered 


~ st 


work to the indicated was about constant, being about 


. 


Throughout the test there was no leakage 


of the plungers: showing good costruction. 
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